Introduction
============

From an anatomical point of view, the temporomandibular joint (TMJ) is a small but very complex joint in the body \[[@b1-cm-89-438],[@b2-cm-89-438]\]. It is a synovial, ginglymoarthrodial joint in which the main bone structures are the mandibular condyle, the mandibular fossa and the articular eminence on the squamosal part of the temporal bone of the skull \[[@b3-cm-89-438],[@b4-cm-89-438]\]. Between the two bone structures we find the articular disc. The condyle and the fossa are covered by a cartilage which is thinner than the disc \[[@b5-cm-89-438]\] and which also has a role in the absorption of compressive forces \[[@b6-cm-89-438],[@b7-cm-89-438],[@b8-cm-89-438]\].

Because the TMJ disk is softer than the cartilage of the other load-bearing joints in the body, it is logical to assume that the plowing effect on the disc is likely more pronounced than in the other joints \[[@b9-cm-89-438],[@b10-cm-89-438]\]. The TMJ can be transformed by both physiological and pathological situations \[[@b2-cm-89-438],[@b4-cm-89-438]\] and have skeletal deformities, malocclusions, masticatory dysfunctions, or derangements of the articular disk appear \[[@b11-cm-89-438],[@b12-cm-89-438]\].

The structural investigations of the TMJ today include radiographs, computed tomography (CT), cone beam computed tomography (CBCT), magnetic resonance imaging (MRI). But there can be discrepancies between the degree of the structural alteration and the actual functional alteration of the TMJ - the alterations are considered pathological only when accompanied by symptoms of pain or dysfunction \[[@b13-cm-89-438]\].

For the competent and reproducible investigation of the mandibular movements, computerized axiography (CA) was confirmed as a valuable complementary examination \[[@b14-cm-89-438]--[@b17-cm-89-438]\]. The clinical daily use can be difficult because of time consumption and high acquisition costs \[[@b17-cm-89-438]\], but its value is high in the functional analysis of temporomandibular disorder (TMD) \[[@b18-cm-89-438]\] cases, in planning and following orthodontic patients \[[@b19-cm-89-438],[@b20-cm-89-438]\] and for the programming of articulators based on the provided values.

Informed consent was obtained from the patient before performing the study. The procedures and protocol were approved by the institutional review board and by the ethic committee of the university.

The purpose of this case report is to 1) explain the recordings of the mandibular movements on CA; and 2) present the CA recordings of a case before and after orthognatic surgery in order to value the CA for the diagnostic and prognostic evaluation of patients.

Material and method
===================

Interpretation of CA recordings
-------------------------------

The CADIAX Compact (GAMMA, Vienna, Austria) records the movements of the mandible based on the registration of the movement of a stylus on an electromagnetically sensitive plate, elements which are placed in the area of the TMJ. The graphs are presented in [Figure 1](#f1-cm-89-438){ref-type="fig"}.

On a CA recording, the following can be examined

-   **Quantitative values** -- evaluation of the maximum amplitude of a recorded movement; the evaluation will be described as limited, average or hypermobile ([Table I](#tI-cm-89-438){ref-type="table"}).

-   **Qualitative assessment** -- normal recordings are reproducible, clear and frictionless of the synovial joint. The quality can be excellent, average, or bad ([Table II](#tII-cm-89-438){ref-type="table"}).

-   **Aspect of trajectories** -- concave, straight, convex or combined. Normal graphs have a concave to the anterior aspect ([Table III](#tIII-cm-89-438){ref-type="table"}).

-   **Symmetry** -- when comparing the right and left side graphs. Within symmetrical movements, the right and left graphs should be identical ([Table IV](#tIV-cm-89-438){ref-type="table"}).

Case presentation
=================

The case of a female patient, 20 years old, with a severe class III skeletal anomaly was analyzed. The treatment plan involved a complex orthodontic-orthognatic surgery. First, the patient was treated orthodontically to eliminate dental compensations; the second step was the surgical intervention; and the third step was the orthodontic finishing of the case after the completion of the orthognatic surgery. The surgical intervention was performed in the Department of Cranio-Maxillo-Facial Surgery, Cluj-Napoca, Romania.

The evaluation of the orofacial muscles did not reveal any tension or pain, before or after the surgery, as patients undergoing orthodontic treatment present a certain muscle relaxation due to the orthognatic treatment.

The presurgical clinical investigation revealed bilateral cracking sounds during protrusion and opening of the mouth, hypermobility of the mandible in the opening movement, a deviation of the mandible to the left during protrusion, sagittal and transversal asymmetry of all movements, but with no accused pain. The mandible presented a deviation with reduction of the trajectory during opening of the mouth.

The postsurgical clinical evaluation, one year after the surgery, revealed improved sagittal and transversal symmetry, normal range amplitude of the opening of the mouth and no cracking sounds. The movement of the mandible during protrusion had no deviation; during opening of the mouth, a deviation of the mandible to the left remained.

No occlusal evaluation was recorded, as it has been demonstrated that occlusal status has negligible influence on the TMJ function \[[@b15-cm-89-438]\].

CA was performed before the orthognatic surgery and one year after the surgery in order to evaluate the modifications that appear in the function of the TMJs between the two moments.

The CA recordings for the patient were collected from the CADIAX Compact database in order to illustrate the modifications that appear following an intervention -- in this case the orthognatic surgery -- at the level of the TMJs from a functional point of view ([Figure 2](#f2-cm-89-438){ref-type="fig"}).

The presurgical graphs indicated amplitude of movement for the protrusion and laterotrusion within normal limits and hypermobility of the TMJ in the opening of the mouth. They also showed variable amplitude between the symmetrical movements and little symmetry of the right and left joints. In the movement of the opening of the mouth, there was no overlap of the excursion/incursion graphs, with both saggittal and transverse asymmetry.

The postsurgical recordings that were taken at a distance of one year (one year after the surgery) show the reduction of amplitude for the protrusion and mediotrusion movements and the reduction of the amplitude for the open/close movements. For protrusion and mediotrusion the postsurgical amplitude was reduced compared to previous and normal values; the amplitude for the open/close movement decreased and was within normal limits after surgery. Also, the trajectories for the open/close movements had an improved overlap after the surgery.

The transverse asymmetry which was present in both protrusion and opening of the mouth before the surgery disappeared almost completely in the postsurgical recordings.

The aspect of the curves was convex and convex/concave presurgically and they changed to either straight or convex after surgery.

Discussion
==========

Assessment of favorable or unfavorable evolution of TMJ symptoms may be difficult to perform along the same evaluation criteria at different times and it is highly dependent on the examiner's experience \[[@b21-cm-89-438]--[@b25-cm-89-438]\]. That is why objective examination methods are more reliable and as often as possible preferred over clinical examination \[[@b18-cm-89-438],[@b25-cm-89-438]\].

The case we presented confirms the clinical contribution of the CA to the functional evaluation of the TMJ over time. In this case, the CA recordings confirmed an improvement of the TMJ situation after orthognatic surgery; bone pieces were repositioned and, as a consequence of bone remodeling and muscle reattachment, occlusion improved. This is visible in the better symmetry, amplitude within normal limits, and better overlap of excursion/incursion movements described.

All postsurgical modifications indicated an improvement of the TMJ status by the reduction in amplitude of the mandibular movements as compared to the presurgical situation, by a better overlap of the excursion/incursion movements of the mandible and by an increased transverse and sagittal symmetry of the movements on the right and left sides, thus confirming the benefits of orthognatic surgery on TMJ functionality.

From a clinical point of view, the patient's clinical examination improved. Due to better bone relationship, the opening of the mouth was reduced in amplitude in order to reach normal values; the right and left TMJs worked more symmetrical after the orthognatic surgery, especially during opening of the mouth; and the symmetry during excursion/incursion of the movements improved significantly, again especially during open/close of the mouth.

Obviously, the modifications that appear in the TMJ dynamics widely differ among patients and thorough analysis is required for each of them.

The recordings of the mandibular movements documented with the CADIAX Compact (GAMMA, Vienna Austria) can be kept and reviewed as frequently as needed, can be compared with recordings performed at different times, and can provide details for the programming of articulators, as confirmed by recent studies \[[@b26-cm-89-438],[@b27-cm-89-438]\]. The data can at any times be used to make measurements and assess evolution. The recordings can also be used to diagnose TMD, because of the pathological elements that can be identified on the graphs. The evolution under treatment of the pathological elements (hypermobility, limitations, disk displacement) can be monitored on subsequent recordings.

It was shown that the morphology of the TMJ is correlated with the occlusal morphology and tooth position in balanced patients with no treatment needs \[[@b28-cm-89-438]\]. The functional evaluation of the TMJ is more reliable when objectively recorded \[[@b18-cm-89-438],[@b25-cm-89-438]\]. This way, the CA recordings help with the interpretation and evaluation of TMJ function in patients that either need or have had done prosthodontic reconstructions \[[@b28-cm-89-438]--[@b31-cm-89-438]\].

This case confirmed the results we found in literature. Given that this was a case presentation, studies that involve more patients would be needed in the future in order to confirm the already published results.

Conclusions
===========

In conclusion, based on our case one can say:

The CA is a valuable investigation that allows for a reproducible and objective assessment of the functionality of the TMJ;

The CA facilitates monitoring over time the evolution of the functionality of the TMJ structures;

The CA allows for comparative evaluation of the function of the two TMJs.

![CA recordings within normal limits: a. protrusion b. left laterotrusion: c. right laterotrusion; d. open/close of the mouth.](cm-89-438f1){#f1-cm-89-438}

![Pre- and postsurgical recordings for the mandibular movements.](cm-89-438f2){#f2-cm-89-438}

###### 

Maximum amplitude values for the mandibular movements.

  ---------------------------------------------------------------------------------------------------------------------------------------------
                     Reduced                                         Average                        Hypermobile
  ------------------ ----------------------------------------------- ------------------------------ -------------------------------------------
  **Protrusion**     \<= 8 mm                                        \> 8 mm, \< 12 mm              \>= 12 mm

  **Mediotrusion**   \<= 9 mm                                        \> 9 mm, \< 14 mm              \>= 14 mm

  **Open/Close**     \<= 10 mm                                       \> 10, \< 16 mm                \>= 16 mm

                     \                                               \                              \
                     Reduced amplitude left in Open/Close movement   Average amplitude Protrusion   Hypermobility by Opening/Closing of mouth
  ---------------------------------------------------------------------------------------------------------------------------------------------

###### 

Quality assessment of mandibular movement graphs.

  ---------------------------------------------------------------------------------------
  Excelent                                   Average                                Bad
  ------------------------------------------ -------------------------------------- -----
  \                                          \                                      
  Excelent quality of Protrusion/Retrusion   Average Quality of left mediotrusion   

  ---------------------------------------------------------------------------------------

###### 

Aspect of trajectory of the CA graphs.

  --------------------------------------------------------------------------------------------------------------------------------------
  Anterior Concave                              Straight                                  Combined convex/concave
  --------------------------------------------- ----------------------------------------- ----------------------------------------------
  \                                             \                                         \
  Bilateral anterior concave protrusion graph   Right mediotrusion with straight aspect   Left mediotrusion with convex/concave aspect

  --------------------------------------------------------------------------------------------------------------------------------------

###### 

Examples of movement symmetry.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Symmetrical graphs       Sagittal asymmetrical graphs                  Quantitative sagittal asymmetry                          Transversal asymmetry          Sagittal and transversal asymmetry
  ------------------------ --------------------------------------------- -------------------------------------------------------- ------------------------------ ------------------------------------
  \                        \                                             \                                                        \                              
  Symmetry in protrusion   Protrusion with extreme saggittal asymmetry   Longer trajectory of left graph in protrusive movement   Strong transversal asymmetry   

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
